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Abstract

In recent years, there has been a lot of research and development on artificial intelligence,
and it is being used in a variety of situations. Among them, our group has focused on
automated driving technology. With the spread of automobiles, the number of traffic
accidents is on the rise. The number of fatal accidents is also on the rise, and the
number of accidents involving elderly drivers is also on the rise, making it a major
social problem. The main cause of these accidents is human error, such as inadequate
checking by the driver, operational errors, and distracted driving. If automated driving
technology eliminates the need for drivers to drive themselves, it is expected to reduce
the number of traffic accidents caused by such human errors, and this has attracted
much attention in recent years. In this group, we aimed to deepen our understanding of
automated driving by creating a ”visionary Al car” as a deliverable through exposure
to machine learning and image recognition technologies used in automated driving.
Specifically, we installed a Raspberry Pi4 in a radio-controlled car and controlled the
motors using PWM control. The goal is to develop a program using the Python language
that can recognize the situation captured by the camera and drive the car accordingly.
In the first semester, the students acquired basic knowledge of the technologies to be
used, built the environment for creating the deliverables, and practiced programming.
We also shared information about the deliverables within the group and selected the
Raspberry Pi4 and its peripherals, such as mice and keyboards, necessary to proceed
with the production. In the second semester, we were divided into two groups, one for
controlling the radio-controlled car and the other for implementing machine learning,
and proceeded to create the deliverables. The group in charge of the radio-controlled
car assembled the car, created a course for it to run on, and adjusted the PWM control.
The group in charge of machine learning selected the technology to be used for the
deliverables, and then created a cascade classifier and built a CNN model to implement
image recognition. In the previous semester, we had set the following goals for the
deliverables: to drive along the white lines on the course, to avoid obstacles on the course,
and to recognize road signs and perform actions according to their contents. However,
it took longer than expected to acquire the knowledge and build the environment, and
we were not able to start creating the deliverables during the first semester. Therefore,
as we proceeded with the activities in the second half of the year, we changed our initial
goals to see how far the deliverables would be able to operate. Of the goals set in the
previous year, we decided that the goal of driving along the white line on the course
was the minimum necessary function for a radio-controlled car to drive itself, so we
prioritized it after the activities in the second half began. As for the goal of being able
to avoid obstacles on the course, we felt that it might be a difficult operation when we
proceeded with the control of the radio-controlled car. In order for a radio-controlled
car to avoid an obstacle while running, it needs to recognize the obstacle, stop once to
avoid hitting it, calculate the direction to avoid, and then control the motor to turn in
that direction. Since we could not estimate how long it would take to complete each
operation, we decided not to place any obstacles other than road signs on the course.
As for the goal of being able to perform actions according to road signs, it took a lot of
time to create a cascade classifier for a single road sign. In order to complete a classifier
with sufficient accuracy, we repeatedly adjusted the number of correct and incorrect
images to be learned by the cascade classifier, but we could not find a clear way to
improve it. As a result, we could only complete the cascade classifier for recognizing
the "stop” road sign, which we started to create first, and could not reach the point
where it could recognize multiple signs. Therefore, in the end, we created an artifact
that could drive along the white line, detect obstacles using sensors, and recognize
the "pause” sign using the cascade classifier. Since we were only able to successfully
drive on the course we created, our group’s artifacts cannot handle all situations. The
development of automated driving technology, which can take care of everything without
human involvement, will require further improvements beyond the originally envisioned
functions.

Keyword Automated driving, Image Recognition, Machine Learning
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WS FRIC Uiz, WHERDHEEE HIE X E 272912 OpenCV OBFRIER CICHFIH I TWE H A
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SEIFH L7z OpenCV TR =REORHEEBIEZNIFET %, —D2HIE Haar-like FiETH
%, Haar-like Fif#lim & I 3EH O R ZAKEZOHAGOBIC K DHIHIT 2 HETH D, Integral

Image L MEIN 2 FiE 3| 2HHT 2 e CREEZSHEFIE T2 TE %5, Z2HIE
LBP (Local Binary Pattern) FH#{&ETH %, LBP Fi¥&E & (ZER D HPTN 2 D 516 DA A
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EfRDKIEL « RT MILT 71 ILIERL
AR — RHGRZENT 512D 027 A5 Python ZHRHL. 2477V TH5
OpenCV @ opencv_createsamples ¥ opencv_traincascade % F|H L 7z,

- opencv_createsamples

-info collection file name ... IEfEEIRD YV X b7 7 4 v (HITHRD GG
-img image_file name ...1 OHEGR (X SETRT bV T 7 A V2ERT 2856
-vec vec_filename ... HJZ N2 X7 b7 7 £ L OAHT (~.vec)

-bg background_file name ...-img OEFRIZIZ D EBRDY X+ 7 7 )L

-num number_of_samples = 1000 ... TER 3 % IEMREI5 D AEL

-bgcolor background_color = 0 ... IEfREHRDE FIT/KR > TV 5 EEHEE
-inv -randinv... GO KEL%Z § 25 EITHEE

-bgthresh background_color_threshold = 80 ... T ¥ A7 3 #ipH
-maxidev max_intensity_deviation = 40 ... fix KFHE 7%

-maxxangle max_x rotation_angle = 1.100000 ... & AFBELHE rad
-maxyangle max_y_rotation_angle = 1.100000

-maxzangle max_z_rotation_angle = 0.500000

-show scale = 4.000000 ... &3 % L ZE S ¥ EMEIG 2R TE 5

-w sample_width = 24 ... X2 F L OHIE

-h sample_height = 24 ... X7 ML DE X

- opencyv_traincascade

-data cascade_dir name ... I EZRFT 2 7+ VX (PEHHEILITDT3)

-vec vec_filename ... fE L7227 bV 7 7 4V

-bg background_file name ... NEEBGEDO Y X b7 7 £ v

-numPos number_of_positive_samples = 2000 ... YEK U 7= 1Ef#E {5 DB

-numNeg number_of negative_samples = 1000 ... FiZE U 7= RN IEfREIR OEL

-numStages number_of stages = 20

-precalcValBufSize precalculated_vals_buffer_size_in Mb = 256 ... ’FiIEH DO X €V H 4 X
-precalcldxBufSize precalculated_idxs_buffer_size_in_.Mb = 256 ... FifE&HD NNy 7 7 X €V —

» cascadeParams

-stageType BOOST (default)

-featureType {HAAR(default), LBP, HOG } ... FifiED R34
-w sampleWidth = 24 ... IEfREGRZ/ER L7z LR D D ZIEE
-h sampleHeight = 24 ... IEfRERZER L7z Z LR U H O RIEE
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* boostParams

-bt {DAB, RAB, LB, GAB(default)} ...boost 7732z D % £ 7
DAB - Discrete AdaBoost,
RAB - Real AdaBoost,
LB - LogitBoost,
GAB - Gentle AdaBoost.

-minHitRate min_hit_rate = 0.995... % X7 —I TOHE/Nk v b XK
-maxFalseAlarmRate max_false_alarm_rate = 0.5 ... B TR A DIRZTHER

opencyv_createsamples ¥ opencv_traincascade (& OpenCV NX—2 a2 Y 3DIFTLA Y A+ —
NTEZRWED, OpenCV N—T 3 ¥ 34.16 A A b—)L L7z, opecv_createsamples & (37K
VT4 THEBOME, HEREBEIEKE LI LFERICNY PV T 7 [ UCEREESZ 7T
VRALTH b, HAY— FHREERT 27K LT2 88—V DNk Lz, AP T 4 7H
GomE, HEZZBEIEKELIERT M T7 7 A VEIERT 2 HEZFEA RO T 4 THIE
OAE, HEZZEIEERZMNIRUKELIEXRYZ M7 7 A VEERT 2 HEZFIEB &
Lo FEBRBRELAVEBRSE ZH200ER (7 /7 —>ay) Z7FAP77401T
E T2 2N TE20EDR ERIAD S, FiEA, FEBTHEHL 2207 4 7HIGIZ
TEANTZ 7 ANBIER L. ZOHIHT T 4 TEBEOHATZY A e LTRIBLEMTES L5
WLz FEA TR, NEL TV 10 KOKRY 7 1 THIGEZ Z0 24 1,000 BUT/KEL 28, &
7t 10,000 KDORY 7 4 ZTHEIBZIER LT ML 7 7 £ )V TIRF L7z, opencv_createsamples % L
9T 2R, HROMEEAE A H 3 % maxxangle, maxyangle, maxzangle 1% 0.8, 0.8, 0.5
¥ Lo fER L7 10,000 KO RS 7 4 TEIEDH D & T ¥ X LI H A7 — RHEEROERIT S
BB ERZ e Lz FIEB T, KT 4 THIRE 247 4 7 HIG 3N =G %
Kaggle 205 10,000 IR LAIH L7z BREURIE A A T 4 THEHIREFIRRICT X A 7 7 4 LV 2AE
L. ZOFCEREGROALETZV X b LTk L, NELZERERIERY 7 1« THIGRE
BHEREROBEBTHD, 2T 4 THIREEEE L LWL RDDEHEAL, FE A LRBRITIL
L£LTWE 10 MORY 7 4 ZHIGEZ 224 1,000 MK L X8, &8t 10,000 KORTY T 4
THEHRZAERR LTz HROEELA E % Z #H 3 %5 maxxangle, maxyangle, maxzangle & 0.8, 0.8,
0.5, /KL L7z 10,000 KO R 7 4 7THIRII R TERORRZEBRTH 5, FiE A R ERL
72 10,000 DR T 7 4 THEDH NS F > X LT H AT — P FRE ORI B 28R 2
Lol FEAEFEBTERLERY VLT 7 A MO H R — RBEREZER L, B A
r— R BEa OVERIZIE opency_traincascade @ vec IZIER L7227 L7 7 A V5 EFLA LR
MVT7 7 ANERRET 5, FETIRAT—IRBEBECTESMENI 20 A7 - L, BEIEWV
ARG — RBBRENERT 2720, RIT 4 THIRE 2 AT 4 THIGDHRZEHR L2, £3. K
Y74 T 2,000 BUCEE L AT T 1+ TEGROKE e EE S % 2 & THREZHMIC L, R
% 1:0.5. 1:1, 1:2 ¥ LTAA 7 1 ZHEIBGA 1,000 Kz 5588 AL 2,000 #% 5588 B, 4,000 ¥z

DR C L Lk, 7AMEBZIEEADER L TWLEGZHH L, fAEEHTE TV 20 TH
% R 7z,
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CNN iZA R 7 — FofiRic X D Sl e HIEsT 2702 LTHEA L, CNN i
lConvolutional Neural Network| DUEXF 2 ->72d DT, HAFETIWE BAAA=2—T L
Gy bU—2 ] LHENS, Mo=2—urOtHAERHA L= 2—F 0%y b7 —2 (NN)
RN 2 S FEO—MTHD, NNTIE3ED/ —Fh2rokD, B/ — FRILOEHA
BB TIEMEEEOATERINTWVWSD, CNN TIEZIASLIIMATEAAAERS S —1) 7
J& 75 ¥ OGO BMREEIHIG S 2R EZ ST 2 72DDEHHVW Ty MV =2 T
3. ZENZ7 2 I RETHL. LG —. REEE (Python 12 Xk % Al - B - REEE 7 7V O
< D77 TensorFlow2 Xfi) 2020 4 10 A 21 H [8] 2212 CNN €7V 2/ER L 72,

HET 2RI ENDATH o770, IEMRETGE 1L E AT, A IEMEIRZ (1 F U
& L7z BEUIIEMEGRZ 3960 . NIEMHEGRZ 3960 KTH 2, 2L T, 7—KD8HZE T ¥
RLZHEILTEbDE P L—=v 77 —=&, BOD 22T X7 =& LT, 500 BIOEE 21T
bl UTIC ==V 7 =R T AN —ROEEERRT /I 7%K 3.1 D allmmd, ¥z
M=oV TF—RETRAMNT—ROMELZRT 77 7% K31 DDbITRT, FHOMRERT Y
7 7 RRT,

Accuracy Loss
100 1 — train i - - = e —— — frain
0.5 4 test
0.ag test &
IV
0.98 0.4 4
097
03
0.96 1
0.95 - 021
094 01 -
0.93 1
0.0 1
T T T T T T
0 100 200 300 400 500 0 100 200 300 400 500
a. fBEEXRT 77 b.iiEEZRT T T 7
X 3.1

ZDETNE D LIZ, Raspberry P4 ICEALMAEL £ 5 & Leh, ETVICHEREY 22—
% Raspberry Pid 124 Y R— M TERD o7, BT 2ENTE R o7,

(XH: FHLE)
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BiRE0

HARRI T, A X S THE LZEBR) S 2ADOAMEZRE L., ZOFRDLR6DRALERD ZH
R EEEL-, £/, PID#HIHZHVWAZETEDOILRHLAT T Y Y ZOAERFIFIL, 2
RKOHBOREESE S Z & HKT=,

< BB A ECFIE>

1. A XSHh SHEGZEE

—f&f 7% Raspberry Pid A X 7€ 2 — LV TIIEHMEREZRZ 5 2 e BHRT . BRREEHED
W#ETH o 72720, [LAL > X & D Raspberry Pid Fih X 7€ 2 — V2 L CTH{$ % BUS
L7z,

2.Raspberry Pi4 OMgICHHE TEROEEZ TIFS
AAZPOPG LB, ZOFEOEHERZ L 5 WIEEDBEAFRET 2 2, 1 BHEIC 1K
FELHOPUHETERD o7z, BEZ N CUEEED B2 5 & KD IEMER AREEER D AIEEIC 72 %
P, EEHZ TITTES e O E D S FAEL 2K R b 2, HFGEEHDIEL < HRAET 5
TRLEREEZEE L,

3. B 0EIE (ROIL:Region Of Interest) D

S U2 EH{RICIER D REBIZ L. 2K > TW5 L FRROEME ORI 2720, HiR
AN DB VR IR E Y] D Bl o 7o SlENE, HHRD LS 40 % E HIE X D _EomEEIC
%o TED, HFEERICENELR WD, ZhzIhE- 7z,

4. WERIRE (IPM:Inverse Perspective Mapping) &t

b2 o LR EZ., LR TALRIBICEH L, 2L o TZDROUED LT
{Tolze BELZBEBN EPOSRTALEBICR S TOE2E I IE, 2ARDFEATRERRZ I E
22 SR o T B AR O EIRDIK TR o T B 2 8 S R THIE L 72,

5. At

E{Sh 5, ARICHEDLATH SN T 2t Lz,

T 2EMD S 5, EEkAM (RGB:255,255,255) 2R T2 2 & T, KGO KEHE
DEMHERS T Z ek,

6. —fE1L
HARDS NV E A2 L5 ICBEZ#AE L. B RIZ 2ELL %,

7. BEZRETS
FHEOEBERRT 2 HEO Y 2 2 UEEE RS2, BRI, F12 2 ICEEE 2 2k
F B % 2 HATIE L. EhERICRIT b 0E e Lk, [K3.3]

(& FFIHER)

Group Report of 2021 SISP -8 - Group Number 20-B



Make Brain Project

<PID #lHD AL FIE>
1. FMEERD B
EHRDHGED» O FRERMEDOEEEZRD, TN EMICET-d0EHBEOFLIRE L,

2. L=2OHFDDThERDS

SENIMH U2 BROHFLROHH 6 —HE RS, ZOMEEBRO FAOHDEEAZIRE .
HE{ROHFLRE DAEERD, ZOMEELZITHOME Lz, AMOHILROH 2 5FER 1 Mk, B
HITGEWVEER T 7 ) Y IO KIS EN S 7o, H—TD D Tz kb, HikD)SHEN
EERT 7)Y ORGSR N 2D, A—TONENCA 57z, F/o. HIEO A Y — Ricb A
XNd7d, A= RIZEDETZDREFREEIT - 7=,

3. TNDEDSRATFTIVIDAEEZRDD
P Ay PI#HIED 2 BEOBIEGERZH>TRAT 7Y Y ZOAELZRD =, PID HlfHIzOWT
ST L7z2s, RS S HEE T 3 TE R -T2,

3.2 H#ZzHEL, L—ohLdrsdXLeRD 5T

<PID Hlfl &>
Proportional-Integral-Differential Controller OBSFF T, JREHIE7Z & o&MEHEICH o 3
M7 %, AJMEOHIEZ, e B EE OFEL. 208D, MozHWTITS, BFENI
. BITEE E BERE & OIRZEC I U7 % 3 LRBIEE. 2 OfRZEDR LB L 72 E%2 B3
FTEE. ZORADHIHI L 7 EZ S HEAEMEO =20 HRDOMZ HIMEL § 2,
KB X o T HBIENES I 2 W P il HeBiEh e & o EhtE 2wz PLHEZ v 235
BbDH5, [9)[10]

(X&: FF/IHR)
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<BREBHICHITS P HEE PIFIE>

SE 0 {IRERH T, LB e O EIEZ R, P, PIHIEEH->CTAI I —DRT 7V
YO RHIELU 7, HEEICOWTIZ, Al —2 L— R DXL OEIZ.” hlF 4 >
7Y Lze BOEIEICOVWTIE, Al —2 L — R DAL OfEE” RO 7210 Bl
L. ZOBEMEI” BT 42" 237 Lz,

P HlfCix, HEEDEZ ZOEERT 7Y Y FOABIIKIR L2, $72. Al — %2 FEEIZ
ELERNS” HF A" OEEDPLTOEZTVE, L—VORLEELIITENS X577
Bl 4 > DfEER TN,

PI #IfECl&, LLHIEE e BABIEOME R 77V >V ZOAEICKM LUz, £z, Al 7 — % ERE
WESRRNS” W4 277 BT A V)7 BORHT OEEP LT OEZTVE, L—ro
HDEESPIENS X5 RIS DEEHRNZ,

<BFRBICH T3 PID §lEHOLEM >

- P i

P filflz b3, HEBSL - HREIDEHICHZ L EWERT 7Y 7R EMEICL, HED
EUCHZ e EEAT 7V 7 ERAEICT2 WS MHERAETDH, L—VOHFRIZH->TE?
ZEIFARETH B, L L. ZORD FTIFEHED L — VY HRIZE->TH, HEHFIRIZHD > T
ROME MW REDEETH L0, L—VHREBEI TITZHRETLE S, ZOME. FOE
DREDZITo7=DRD LEDXOENCHEATLE 5,
ZDEIRBECPHIAZHANSE Z 2T, oIV —VHREEDZ N TE S, BERNIC
. Bk L— e OFFREICHBI L7 R 77 ) Y T OMEICT %, £ OREHR, Bk L — >
PR SEENTWRIEE AT 7Y v 7l zm &, BHEN L — Y FIUGEDIEERT 7Y ¥
IWIEHZ[A OT, HEPL —VHRZEZ TITEBEITLES 28R L—VoHbEES 2
EMBTE B,

« PT 4

P #ilfl % AW z54, BIEESEEEISEOIEE R T 7Y Y ZDEI NI BoTLE S, %
DD, F 7y b ERERE) LI 2 BEHE L BEH L O X LA —E OfE TRFEINIHNT
LESHRPFEEL., BEEIZERIIRS Ze Pk Z>TLE 9,

DX RGEHENEEENMZ 2 22T, ZOEBIET S TE %, BRCIE, Hike
L— it OFfEEINE L Tho 2 DAL -E BE2EME) %2, HABEfEoMEIcET e
T, A 7%y MRV ECHEIBENRRELRD, 72y bERLITIEDTE S,

- PID %l

PI iz V=854, AMYE S CHREN A &  BE#ED SEEN 5612, TEEIX D 2 FEER
B2 e @l niz0, ZDBIEICKMD 22025,
CDXIRIGEHMPENEEIMZ 2 22T, MEICZDALBBIETS N TE S,

(CH: FFHR)
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<Al A—OHIE - #EE>

« AT 7 —DHIE

Al =D A ¥ — FHllHIRHERO R 77V > 7 - it Ol PWM il# %2 Huw T Z2h 2l
HWET>TVWE, £, PWMAIH L IZEY S W o b 0RO L. 2 — FHlflIe2 77V >
I O W T OFMEFAT %,

- PWM HlfEl & 13

PWM (Pulse Width Modulation) &%, EERZENERHZ A v F > 72 XD E D ZHIET 5
HETH 2, ORLAL v FOA Y AT ERTO, HHENZ2ENZHIET 22 2% PWM il
WS —~EBEDANDLS, SARFNDF > A7 D—ERPAEIED, F > ORMIEEZ(LXE
3 BNHEIEA R %E PWM 2R, Z ol %E PWM #lf#l & MR, PWM i, @izl
M ERIERPRIETA Y N= R AR L HON TV EEMD—D2TH 2, 2D, 77
EDCE—X—HlHl, =T 4 A7 TREDFHICH L fEDA, E—&—HlIHOHEIZ. 1~
N—Z[AEEC PWM IO 4 > OWINE (72— 7 4 —tb) 2@ T2 LI 2 2 e TE— X —5K
BN Il 2 A W IERL ORI EBIREES 2 e B TE B, [11]

* Raspberry Pi4 ZHW\/z PWM i

4. F4 1k, Raspberry Pi4 T PWM #2175 72, PCA9685 (¥ —HRE—X—FF A N)
ERWTHIEZIT -7z, 2D PCA9685 IX Raspberry Pid 2> H15R I N7 IKED PWM 55 % F
X, Al —OREAZIET AT TV Y 72— X - BT —%—T5H 5% DC E—X—
ZNFRREFTZED, fHL TS NsHEHATH S, ZDOH—KRE—X FF A % Raspberry
Pi4 T 51213 PCA9685 HHD 7 4 77 1) [Adafruit python PCA9685) % FH A > X b —JL
TEREND o7z, Tl ZD 200K I 12C (Inter-Integrated Circuit) 815 % HW7z=,

RCEELIE. Z7uy 7 RS E T —2DEEZITS RNV 7 v@ET, 2ruy 2 (SCL).
7 — X AHT] (SDA) © 2 KOESHEZHWTEET 2 HIETH S, £D7H. Raspberry Pid @
GPIO ¥> % I2C BEEHD SDA ¥ SCL ZZ NV —KRE—X F T A \ZHER L, —R
E—XRIANZOBE VAT TV Y 7E—Z—, 1 BEVZAY—Faryto—5—28&HT
e TERENRAT TV » ZHilfHlIR A ¥ — PRl 21T - 72,

« ZE— R

ZE— FHlflE, A¥—Farybta—5—2&k>TT7 7Y L AE—X—HMEEET %5 PWM D
Bib, 20D, PWNMEZD LFOEIREOE—R -2 T e AT 28HE RO
BRENRD 5T, SEAVERAY—Fay tao—5—Tld, PWM % 280 %5 356 OIZT %
Z e CHIEE T2 Z L ATRESS 5720 PWM A3 357 L LT 79> L A — X —Dl#RXIE %
D, 356 2 ofEE/NI LTV 2 THEREER FiF 5 2 e B TE %, PWM fED 356 X1k %
2 I [altE 3 2 Db i E ClEfisE L, 280 TT7 73 L AE—X —DEEHEEIIRA Y otz 5
[El, AL 77— D@ E I 3 — AHEEDRHIC PWM {# 355, {id32 & 212 356 % VTR & — Fil{#l
2170720
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« A7 7V DT

277V ZHlEb . A — Rl e ARk PWM Sli#%E B WCHlfiZ217 572, 4B, PWM #l
HEFTS DIV T4 75 ) TERIEMA T 2 PWM EAF— X Tz 72 o flf L il
EII5eMTER, LA L, BilGOAEERNADO PWM 252 CL %5 LHilaZHIET 2 27
TV E—R—PENTLE S =D, AHEICHT 2 PWM EZHFHARZBERD -7, Hilao
ATEEIC T % PWM HE R & 25 350 55 450 ORI TRIEGAEI K Z 2 D30 - 72, PWM
{H 400 TIEATEISIZIZE - E M &, 350 CTEATHERYATBIER R O A2yl 450 Tid a3 Al &)
BRROE YN, 2D Al H—DRF 7V > ZHlf e A%, PID iz RKICHWs 2k
THEXEZZHAEL BTz,

(XH: FIREE)
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<AI A—DEEICDOWVWT>

FaDER L7z Al A —oh B, BEEmMETHHAL 2 TDonkey Car] ZZEIZ L7,
o, Al A —DHEIZIZTOWTHAL TS

AAl H—DAE—Farybma—95—r 753 LAE—X—28hTDDNNy 51—, Rasp-
berry Pi4 705 DB FMIETIIEBNARTRAEY—Ray ba——%2Fh 3TN TERVDT,
Z2IYoFER=S NEMZHEHL .

B. Raspberry Pi4, Raspberry Pi4 & Al 7 —DDEEHTICHD, AT 7V TE—Z— R
—Rarviu—I—, IXT, BEEE VI REBABBERCIEREEZBEE T S,

C. ENA Ny 7Y —, Raspberry Pi4 ICEBFRMAEEIT S 72DV,

D. BEKRE Y THB, BERELVHIZAL I —DRIEATIIoNTE D, BEEY L OfFZE4 [
E?é?&@bzﬁﬁlf\f:o

E.AWXTEI 2=, ZTDH XTI Raspberry Pid i XN TWT, HIRRHCERZZ R Z T
3 T2 DTV,

F. % —HRE—&— K54 (PCAIGSS)s CO. E—& FI4NEAY—FaY bO—5—¥ 27
TV IE—X—IZPWMEE%Z#E2 e TE, AV NlEle 277V > ZiliE %[RRI
ficx27-DMHL 7%, 7. Raspberry Pi4 T PWM filf#l & GPIO Hll{#l 217512, #Ax k5
477V (pigpio, WiringPi, RPi.GPIO & ¥) ZFIRHCUH T 2 70 75 AR EIZR D, L
L. 2OV —KRE—X—=RIANZHDNTLDODT 477 (Adafruit Python PCA9685) % Hw»
% Z & 2 DOfilfElz FIRH HELICHIES 2 2 e 2 TE S X 51872 %,

G.AE—=Faryrte—7—(ESC) 2 77 LRE—K—, ZOE—X—F, A—Farirue—
—RLTERTIeATERVELD, PWMHHTAY—-Fary -5 —24lILE—X—D
MR 2 R L T 5,

HRXRF7VVI7E—&—, ZOE—X—Z, PWMHIHZHWS Z e TE#hT e TE, PWM
DIEIC & - CTHiERDM = 2 LUHIE L W3

(XH: HIREE
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<Mzt >

Fx 0N —TFTidEEYOEEEC TEEKRE YY) ZHAVWE, ZOETIE. WAWADH D
Ffie s 27 LA DOHFTHEBER L VIR o700 VI BE L BERE IOV TOF LWV
AR AT Z BT %,

w218

Fxld, BHEO BEEIENCH WS N2 EFEY) Z BT 28I OVWTED LS B AT LH
HENENTH oz 2D, A X —F v P2EVANS Z & T, MEBRHICHEDN 2 K%
YRAT LD Lz Rz 25, HEEGROWIEBRI 21T 5 7k LT, LUT oHifiss
b TWd Zennh ol

ATVANIRT AHERZFHEFAL LS. 22008 XF7 2BOIXZ) 2 ACTHRY%E
TR DORZ 272 HRICHIRE T 2 2212k D A X5 DOEEDMEFRD S, BT E MO
WBFT 2 Z L 2ATREZR A X T, [12]

3D-LiDAR : 3 JOEHRICHE RIS L. & > W L0 Bl & 2 DBF Okt o ¥ (B ofmiRic
EHENB LYY TH 2, Ha MRS L CHBEEET 2 LDAR & > %I EiE LT, 360
FE o 4 D BEBER A TR IS 75 B0 [13]

IVEL—X— BEEZRI L CTEEMZHBAT 28N 2EA Lo TH L, IV (R
73 1~10mm = &K 30~300GHz) OB ZES 72, I VEL =KX= IFHINTWS, [14]

RS Y BERE R L ZIEEMA DY >3 T, MROEESCYIRE CoOlBERIET 2 2
LDSA[RETH %, [15)

RO HEEIE THEDOI TV 3 4 DOHEH 2 & FEFIC Raspberry Pid ZFHHWTIES Al 7 —125E
EARETHD2DDEEZX T2, 3. —DHORT LA A X 7T, AMREADOI X 7% 1 ofw
BYERE oo, 220HDH X FRHWS Z T FPS {HAMK T USZRERRR- FARERE 2 IE 2
FTHRVAREN N D o 1272 DH F e o 72, 2 2H®D 3D-LiDAR &, HEERICHEbR T\
JHDEMRDDTES 2 TERVEWVWSEEE Raspberry Pi4 IZMBL7d DRI Z S
EVWOSHEPOHWRWZ EIZL, 3DOHDI VKL —X -3 4 DHOBE KL V¥ A
BlITWa Z &5, Raspberry Pid TH FPSEZ TIF2 Z 872 Al A —IZEKTHI N TE
SAREMED DB VWS Ze THEERE Y P Z2HWS Z i L7,

(XH: HIREE
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tHEH

BE Y o Hid, THC-SR04) ZfH Lz, BERE Y, BEREZMA L IHEME D1 >~
P T, MEOBFESAE CORMEMHT 2 2 e BN TE 3, ~RWCBERIRE T+ (FEET)
AT RIRER e ZEH ORI TB D, FIRE» ORI N TR ZERE, b L IR
BTZEWTZEL, MW EBRET 2, BHEEE SRS, [[FKHEL, MK HR D 3
DD, zhehny Yy 7OIRPHREE. MHTENI R 5, SR E R EE
VY EHACTORBRIE 21T o 720 MERRHERN, BERE Y IoP TR ZIMEHIATVS X4
7T IHEMTHRY £ TOEMCNEYOEMEMI T 2 Z e TE S, IR ZEHOM S
DIEREZ il 2 7= FIRZER 2. M L2 ARG CARE S 5, SE. i DIER L AL & —
Fa—2 L TOEENLD 200V ERE LD Al 7 —OBEIERIHEE Kt >3 2D 1
Too A=A RICREEVDEE LIRVRHT, BIRZE 2 O RIRE N FRE. ZOFFHELL. 2
SEBICHEIIIIR > T2 RV, Lo L, a—X LICEEYD D 28, MRV FIRZEBORNIHEA
T3, MRYNCEREDP RO D KL, KT U &% BIRZEHTZET 2 A>T
5, COBRPFIRL TOOR-TL 25 TORMICED, MR ToMMCAREME L, B
B 7 e s (BIRE. &L IFEEE). AfE7Y %1 (ON/OFF) THHT %, [16]

LS

AL ORMIZREL 32953, 3. 1 2HIC, TEWRKRORHDATAE) WS HTH
b, ZTDD, HI7ARHETHBE R ENF I N TELZDTHA RIEEYEMAIT S 2
EDARETH %, 2 0HIE. IR FRHIITHV] L WIS HTHD, FEEUHNZDHENATHTSD,
MEERZIFIRET 2 Z A ARETH B, 3 DHIC TEMERZIRT M ATRE) TH B TH %,
Z07D, MR HADHALED T £ v AL RIBIRTHMHDREETH %,

(XE: HISEE

3.2 FHEFE

BADPMER L7 Al H—DFEMENE DL 5 WTH 0% i lis %,

WDz, ERREROKEEICIER T %, BAANIC 3 20BN HFHMET %, 1 2HIE. HERERE
ERTETVWEDONTH S, 2 0HIF. Al 7 —2EHER#HZ LTV B, a—X0EARZINT
WETTR2ENTEZNTH S, 320HIE. I—T7 T2 Za—2A77 b EFTHELLICETTES
P THB, ULD 3 RICEHR LTS %,

iz, BEVBREORBEICHFEHT %, BARMICIX. BEWE AL & — OETHICEAREH DRI E
WBL AL — 3B LTEIET 200, WS AICEH L CHHIS .

BBIC, EHRERROREICIER T %, BRI 2 o082 HEHEiT 2, 1 DoHIZ, #RF—F
DRI IEE IR B T 2ENTEDO0TH 5, 2 0HIF. B2 HIEST 5 CNN ikibEh
ZHRT 2ENTELDODTH S, YLD 2 fICEHL TS %,

(E: FULE)
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F4E5 BR

4.1 wiHADHER

AHE CTOMRIE 4 2D b, FICT—<DEE. Al I —ZAEKT 2 BB R AR AR Bl
DER. VWHROWAZIT- 7=,

T— DEFE

TV DEEEIToT20 T BD N —TOHNEIBIFOREMZICHT 228 Thoiz, £DF-
B, MOMEAHAZ R L BHFEORMN % 70— 7 X Y N—=THRER BT ol Z DR, iR
BEAMH LN D 7 —~RoiE L abhiz, BAEMIIZ. THEEEK) 2 THELY) R¥TH
%, BEREIRICOVWTIE, 7Y ayEHVWTEEL-a— A2 AET2HErHEL Lz, HEILY
WKDOWVWTIE, DVE IR TRRREZOREIC, I X TOHEBEPHX =2 — 2T 2L 2T
e HEY L, Z2EROFEER, 7 a2 Raspberry Pi4 ZE AL, BffL/7za—R%H
ET 2, Flo. a—RAREREZEA USRI 228235 2 e 2 HIEE Lz,
EMTOEREY

BRI W 2 NSO W THEBRN 28 %2 Ui, £3. BEREiRICHbN 2 BT 2 B8
WZOWVWTIE, BETHNFEE 2T o/, ZOME., HFER#MrEET 20 s 7 IV /EiEe LT
Python 2’FEMTH 2 Z ., EXHONDE T4 T VIOVWTHIZENTE 2, BAEMICIZ, H
%7 — X OFILEIZIX OpenCV, 1T4IFHH 72 C RO MHNC B E 22 UEIC NumPy, E{R Ok
R R DT Keras RED KL DN TWE Z e300 o 7z, EIGFRFHKICDOWT
FHRL0B, FFICHW S Python SREOEMFAE 21T o7z, FEHBEME LT ATmd =
FOHESBETH ZEFEWMEIRICHBE L TV W 7 =234 2 2 AM) OfRERZ A,
Python SEEDELRZ F I TV & & BT, OpenCV X NumPy & \Wo72 7 4 75 VITHfill
NTWo 7z,

MEmOEA

FARICHVWAYIMmZHBALZN O OREMBEZITo . ALY TRaspberry Pid).
Picar-X |, ¥ —HR—FJ), =7 2, TRaspberry Pid DZEEH | TH5, Al H—ITHEHRIT 50
¥ B a2 —&IZiX, Raspberry Pi4 #1#A 72, Raspberry Pi4 OFHEE 21TV, RFEMELITR -
720 Z D%, Raspberry Pi4 ZfHANL T, A X FEY 22— EWDO 13725 2T, Python 7 4
TI7VDA VA=Y, HREZEDILDODRGEZEZ 5 Z e N TE T, £ L CTHIRIEHKDE
BZITO72DIZ. AIXTEY 2—NOMBEDS ) 7L XA LA TOHEREZ ERE U THEEL &,

MPicar-X1 O#AIIT

A L7z Picar-X| OIRAHANV. TEITo 720 BAT2HD TN —=TTlE, 72 ar -7k DA
STEIT2RIEDH DAY N=PNRPoTz, ZDd, ETIEHIET 2 AL H—IZOo0WT2K
BT 272001, BB ORREYNSEW [Picar-X| ZA Lz, AL TELTWHT, 7
DaAVOEEERTIICERAT 7V VY IRE— X —%ZfiT 2BV ETH D ah o7z, o
Picar-X) 1ZEM % BETH# L. OMONMZEEZ Z D TEL/20, 20T T IV T EAT
o7z,
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(XE: AYLE)

4.2 ZHADFER

BRMETOMRIZZ OH D, FIT AL H— 2RSS E 57012, HIREHR. FEEDRIE, FHG2
A DIRBEDFAFE 21T - 720

(XH: FILE)

H#REDA

FHRFRIRCIX IS 3 oDHMi A Lz 1 DHIZHEBBRH T, 2 X 7 TS L2HE D2 5 HiR
ERHL. 2odibe Al -2 DXL %KD=, 2 DHIE PID Hlffic, AfRETRDZL
DEZEITCICAT 7V > 7RG L7z, 3 DHE PWM #IHIT, 7 — 7 DR E DAY — R ZHifH
L7,

FFRHICDOWT, SREFEA IZEBROGDAEFH LAt 25225 Uz, B 25 2
LTk D IEMEICHM R T 2 5B MR L2, Hiny, RERIRIED S RET 2 Z I3 TER
Mo Tze HFRHICHW S I X 71200 TIE, F1DIE—& 7% Raspberry Pid HO D X €Y 2 —
N U720, EARRNZ0 2 KDOERRYE ZOMMINC D 2FEHRE T2 —EICRA 2HENTER
Moiz, &I T, Raspberry Pid FIDJAAL Y XMW h X FEY a— NV EFHTHETINE
WETDIHNTE, L2L, ALY XEHWESEEICBEVWTH, Al =00 — T DIHIWVW3
Y DREDLEME T TIEHARE 2 KA X 2 ENTERD o2, BRI OREEICIZ. A
M, 2 ELLEE, MBI AN RE L b TED, ZOFOWThL ORI L (i
BHEORENKELEB -, AfafificonTid, AR ThEezAt (RGB:255,255,255)
R 22Ty KEGCHRHR ORGP R BRI T 2 2 e D . MIBBEIKRESMELL, %
7o HEMHOBELIARREORBE ICHR D KE S Hbo Tz, 2 E{LLIHIcOWTIE, BEE
INABITEZTZDOWEROMHESRZHA L., &dAMRLI R IEHCHE T2 e TE M
xRS 22 e CHRERBED T B L, BB ATIC OV TR, H X T OIS 2 A&
WE o TIELWEIERNE D 2720, Al A—DH X5 DAEICEOE THEEITo T, s
RiZ, 2ARKDFETREME Lo TWEa—2% Al h—2oiRkE L. ZHRBOERIKFEICHE - T
WBEDE D PTIE LT, ZElE, HRO LIOREXHPTAED 6 f512725 & 5 ICHi{RZ 5| EMEd
. TEEPLRTFALLBICERT 2 2N TE R, 2. HROBRHTIIEROY 7 L% 1
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